 /

0.60 kg

’—— 0.90 kg

Air Track

Two gliders move freely on an air track with negligible friction, as shown above. Glider A has a
mass of 0.90 kg and glider B has a mass of 0.60 kg. Initially, glider A moves toward glider B,
which is at rest. A spring of negligible mass is attached to the right side of glider A. Strobe
photography is used to record successive positions of glider A at 0.10 s intervals over a total time
of 2.00 s, during which time it collides with glider B.

The following diagram represents the data for the motion of glider A. Positions of glider A at
the end of each 0.10s interval are indicated by the symbol A against a metric ruler. The total
elapsed time t after each 0.50 s is also indicated.
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a. Determine the average speed of glider A for the following time intervals.

1.0.00st00.30s 11.0.90sto 1.10 s 1. 1.70 s to 1.90 s

On the axes below, sketch a graph, consistent with the data above, of the speed of glider A as

a function of time t for the 2.00 s interval.
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i. Use the data to calculate the speed of glider B immediately after it separates from the

spring.

C.

ii. On the axes below, sketch a graph of the speed of glider B as a function of time t.

v(m/s)
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A graph of the total kinetic energy K for the two-glider system over the 2.00 s interval has the

following shape. K, is the total kinetic energy of the system at time t

=0.

K@)

2.00

1.50

1.00

0.50

1. Is the collision elastic? Justify your answer.

d.

ii. Briefly explain why there is a minimum in the kinetic energy curve at t=1.00 s.
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from a rod as represented above and then attaches a variety of weights to the cord. For each weight, the student
allows the weight to hang in equilibrium and then measures the entire length of the cord. The data are recorded

In an experiment to determine the spring constant of an elastic cord of length 0.60 m, a student hangs the cord
in the table below:

Mech. 3.

(a) Use the data to plot a graph of weight versus length on the axes below. Sketch a best-fit straight line through
the data.
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the cord.

(b) Use the best-fit line you sketched in part (a) to determine an experimental value for the spring constant k of



m

The student now attaches an object of unknown mass m to the cord and holds the object adjacent to the point at
which the top of the cord is tied to the rod, as represented above. When the object is released from rest, it falls
1.5 m before stopping and turning around. Assume that air resistance is negligible.

(c) Calculate the value of the unknown mass m of the object.
(d) i. Calculate how far down the object has fallen at the moment it attains its maximum speed.

ii. Explain why this is the point at which the object has its maximum speed.
iii. Calculate the maximum speed of the object.
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Mech 1. Ina laboratory experiment, you wish to determine the initial speed of a dart just after it leaves a dart
gun. The dart, of mass m, is fired with the gun very close to a wooden block of mass M, which hangs

from a cord of length £ and negligible mass, as shown above. Assume the size of the block is negligible
compared to £, and the dart is moving horizontally when it hits the left side of the block at its center and

becomes embedded in it. The block swings up to a maximum angle &max from the vertical. Express your
answers to the following in terms of m, My, £, Omax,and g.

(a) Determine the speed Vo of the dart immediately before it strikes the block.

(b) The dart and block subsequently swing as a pendulum. Determine the tension in the cord when
it returns to the lowest point of the swing.

(c) Atyour lab table you have only the following additional equipment.

Meter stick Stopwatch Set of known masses
Protractor 5 m of string Five more blocks of mass M,
Spring

Without destroying or disassembling any of this equipment, design another practical method
for determining the speed of the dart just after it leaves the gun. Indicate the measurements you
would take, and how the speed could be determined from these measurements.

(d) The dart is now shot into a block of wood that is fixed in place. The block exerts a force F
on the dart that is proportional to the dart’s velocity v and in the opposite direction, that is
F = —bv, where b is a constant. Derive an expression for the distance L that the dart
penetrates into the block, in terms of m, Vg, and b.



Note: Figure not drawn to scale.

A 5-kilogram ball initially rests at the edge of a 2-meter-long, 1.2-meter-high frictionless
table, as shown above. A hard plastic cube of mass 0.5 kilogram slides across the table at
a speed of 26 meters per second and strikes the ball, causing the ball to leave the table in
the direction in which the cube was moving. The figure below shows a graph of the force
exerted on the ball by the cube as a function of time.

d.

2.5
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X1°N) g5

1.0
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Time (x 1073 5)

Determine the total impulse given to the ball.

Determine the horizontal velocity of the ball immediately after the collision.
Determine the following for the cube immediately after the collision.

1. Its speed

ii. Its direction of travel (right or left), if moving

Determine the kinetic energy dissipated in the collision.

Determine the distance between the two points of impact of the objects with the floor.
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A 0.1-kilogram block is released from rest at point A as shown above, a vertical distance
h above the ground. It slides down an inclined track, around a circular loop of radius 0.5
meter, then up another incline that forms an angle of 30° with the horizontal. The block
slides off the track with a speed of 4 m/s at point C, which is a height of 0.5 meter above
the ground. Assume the entire track to be frictionless and air resistance to be negligible.
a. Determine the height h .

b. On the figure below, draw and label all the forces acting on the block when it is at
point B. which is 0.5 meter above the ground.

c. Determine the magnitude of the force exerted by the track on the block when it is at
point B.

d. Determine the maximum height above the ground attained by the block after it leaves
the track.

e. Another track that has the same configuration, but is NOT frictionless, is used. With
this track it is found that if the block is to reach point C with a speed of 4 m/s, the
height h must be 2 meters. Determine the work done by the frictional force.



